This study analyzes quantity impacts of imported crawfish tailmeat on Louisiana crawfish tailmeat prices, and demonstrates the statistical validity and proper interpretation of cross substitution within inverse demand systems. Among five inverse demand systems, the Differential Inverse National Bureau of Research (DINBR) model shows no violation of econometric assumptions for the data analyzed. By using Allais coefficients proposed by Barten and Bettendorf (1989), we show substitutability among the five fish species.
provided a theoretical basis for the price formation of perishable or semi-perishable goods like fish and vegetables. Studies thereafter, for fish and vegetables, developed similar types of inverse demand systems. In particular, four inverse demand systems-the Differential Inverse Rotterdam Demand System (DIRDS) proposed by Barten and Bettendorf (1989) , the Differential Inverse Central Bureau of Statistics (DICBS) demand model introduced by Laitinen and Theil (1979) , the Differential Inverse Almost Ideal Demand System (DIAIDS) presented by Barten and Bettendorf (1989) , and the Differential Inverse National Bureau of Research (DINBR) demand model referred to by Brown, Lee, and Seale (1995) -were prominent achievements in inverse demand model development. Furthermore, Brown, Lee, and Seale (1995) obtained a Differential Inverse Generalized Demand System (DIGDS) from these four nested differential inverse demand systems and terminated derivation of this kind of inverse demand system. These inverse demand systems provided a useful economic framework for applied demand analyses for fish and vegetables and have contributed to a better understanding of consumer behavior (Brown, Lee, and Seale 1995 , Eales, Durham, and Wessells 1997 , Matsuda 2005 ).
However, previous demand studies in empirical demand analyses were reluctant to show the statistical validity of their empirical models. As McGuirk et al. (1995) noted, verifying the adequacy of model assumptions for the data being analyzed is not necessarily trivial. If an inverse demand study shows that regression assumptions are adequate for the empirical model, the statistical results can be viewed with some confidence on the premise of statistical validity. Statistical validity also helps to minimize erroneous conclusions often reached when, as is typical in applied econometric studies, underlying model assumptions are not tested.
In addition to issues dealing with the statistical validity of the underlying inverse demand model, former inverse demand studies did not properly document the correct methods of measuring the interaction of cross effects in these inverse demand systems. As Barten and Bettendorf (1989) showed, due to the negativity of the diagonal elements of the Antonelli matrix, price flexibilities cannot be directly used for determining substitution or complementarity between two goods. Instead, they suggested an Allais coefficient, which is able to ascertain the nature of cross effects in the off-diagonal elements of the Antonelli matrix. In particular, the Allais coefficient provides a useful, empirical way for interpreting how much change occurs in the price ratio depending upon one unit of change in the quantity ratio coming from a change in the quantity of one good. However, the majority of previous studies have simply utilized off-diagonal price flexibilities (rather than Allais coefficients) for substitution and complementarity calculations. With such weaknesses inherent in previous inverse demand studies, this study conducted an applied demand analysis for Louisiana crawfish tailmeat by using the above five different types of inverse demand systems to better calculate the intensity of interaction of fish species.
Overview of the Crawfish Industry
In the United States, crawfish are sold for consumption in three forms: whole live crawfish, whole boiled crawfish, and processed (peeled) tailmeat. About 12 percent of domestically harvested crawfish are processed into tailmeat, with most of the remainder sold as whole live and boiled crawfish (88 percent). Whole live and boiled crawfish is dominated mainly by U.S. producers and sold to restaurants and retail consumers in Louisiana. Crawfish tailmeat can be sold fresh (chilled) or frozen. Like whole live and boiled product, fresh tailmeat is quite perishable and does not keep for more than a few weeks, so the U.S. market for fresh crawfish tailmeat is also dominated by U.S. producers. Frozen tailmeat, however, can keep for a year or more and is the product most directly affected by Chinese imports. Crawfish tailmeat is purchased by restaurants, distributors, and retail food stores, and is sold predominantly within Louisiana or to national distributors' local outlets (U.S. International Trade Commission 2003).
Historically, whenever whole live or boiled crawfish supplies exceeded what could be moved through market channels to restaurants and retail consumers, excess product found its way to processing plants to be peeled and sold as fresh or frozen tailmeat. This marketing outlet served to moderate price swings and provided regional economic benefits in terms of adding value and creating employment. After the mid-1990s, however, these enterprises met a new challenge from low-priced imported frozen crawfish tailmeat from China, resulting in price instability not only for frozen tailmeat but also for fresh tailmeat and whole live and boiled crawfish (U. S. International Trade Commission 2003) .
In light of these circumstances, we intend to identify the economic impacts of crawfish imports and the other related fishery products such as catfish, shrimp, and oysters which are expected to compete with crawfish products. Since inverse demand systems provide a useful economic model to analyze quantity impacts on price, this study will use five inverse demand systems to analyze the quantity impact of imported crawfish tailmeat and other related fish on domestic crawfish tailmeat price. In doing this work, we will provide the necessary statistical tests to show the statistical validity of the underlying models.
In order to achieve these purposes, we proceed as follows: in the next section the five inverse demand systems are briefly reviewed; this review will provide a clear understanding of the theoretical relationship among these five inverse demand systems. Thereafter, the necessary statistical tests of the underlying system models will be discussed, which will provide sensible standards for adequate model specification for the applied demand analysis of Louisiana crawfish tailmeat. Then, we discuss the empirical results, inspecting/ discussing test results of the underlying system models and more stringently interpreting the cross effects in the specified inverse demand system.
Inverse Demand Systems
As Anderson (1980) , Barten and Bettendorf (1989), and Brown, Lee, and Seale (1995) defined, the features of an inverse demand system are (i) that price is endogenous and quantity is exogenous, (ii) that the system equations of endogenous prices are expressed using budget shares, which then leads to the adding up of the system equations, and (iii) that the mathematical form of variables in the system equations is that of differential logarithms. The above five inverse demand systems are summarized into one nesting equation specified as
where w i is budget share of good i, π i is the normalized price of good i,
is the Divisia volume index, h i is a scale coefficient, θ 1 and θ 2 are nesting parameters, h ij is the Antonelli coefficient, and δ ij is the Kronecker delta. We can also obtain the other nested models by restricting both nesting parameters as follows:
(2) ln ln ln . The preceding models were applied to a variety of studies for fish and vegetables.
Theoretical and Statistical Validity
One inherent, crucial feature of inverse demand systems is the adding-up condition, which results in singularity problems in the estimation procedure because the covariance of disturbance in the system of equations will be zero. Due to the weakness of finite discrete numbers in the empirical model, the adding-up condition is not always satisfied. Even though the inverse demand systems presented above use the same price and quantity data, a different transformation of the discrete price and quantity data highlights the necessity of confirming whether the summations of the residuals of the five equations in each of the individual inverse demand systems are zero.
Should the summations of the residuals be zero for an individual inverse demand system, the full equation estimation will be singular.
Related to the statistical assumptions of the underlying systems of equations, this study will briefly discuss those statistical tests employed to obtain a valid statistical model. Initially, an econometric regression assumes a normal distribution of the disturbances, which implies that the skewness and kurtosis coefficients of disturbances are
respectively (where n is the number of equations in the system). If we find the disturbances to be non-normal, one has to proceed with some plausible assumptions like gamma, χ 2 , lognormal, and Pareto distributions. Unfortunately, these specific distributions have not been investigated to any great extent.
Secondly, economic theory itself, while useful in helping economists identify economic variables that may be relevant in a particular problem setting, gives very little guidance as to correctly identifying the corresponding functional form. For example, economic knowledge does not elucidate as to whether or not the log-linear relationship of the underlying inverse demand system is preferable. By using an auxiliary regression system, McGuirk, Driscoll, and Alwang (1993) examined system functional form tests that can be used to determine which underlying inverse demand model is preferable for the log-linear relationship.
In order to obtain efficient estimators that are both unbiased and variance consistent, it is necessary that the random error terms of a statistical model should be specified as homoskedastic. The system's homoskedasticity can be tested through using the auxiliary regression system, which is used to investigate whether the variances of residuals from the different equations are homoskedastic or not. The consequence of heteroskedasticity is that estimators are not best linear unbiased estimators (BLUE) .
As in the case of the Louisiana crawfish market, there may be a structural change between two different periods of time. For example, the average market share of crawfish tailmeat can be compared for the periods before and after 1997. The average market share of domestic crawfish tailmeat markedly decreased from 88 percent before 1997 to 35 percent after 1997, while the average market share of imported crawfish tailmeat correspondingly increased from 12 percent before 1997 to 65 percent after 1997. In this case, the stability of conditional mean parameters could be doubted. To gain insight into the relevance of the parameter-stability assumption for each equation in the system separately, Chow and variance-stability tests are conducted. Parameter stability of the crawfish equation in the system is assessed using a Chow test to determine if β differs between the first and second time periods of the sample. Because the Chow test assumes equal variances in the two periods, we also conduct an F-test of variance equality. The variance test statistic is
where RSS 1 and RSS 2 are the residual sums of squares using the first T 1 and last T 2 observations, respectively. The concept of independence in econometrics represents the idea that dependent variables are independent across time, resulting from the function, ( | : )
McGuirk, Driscoll, and Alwang (1993) provided the t-type test for independence, in which lags of the dependent variable are included in the auxiliary regression and t-values of the lag-dependent variable will be used to judge independence.
If the underlying inverse demand model satisfies these theoretical and statistical assumptions, then the econometric framework of these inverse demand systems yields minimum variance and unbiased estimators. Consequently, each of these assumptions should be tested and verified before conducting applied demand analyses.
Quantitative Analysis

Data
Data is a crucial part of this research because the utility of the economic framework of inverse demand systems will depend upon the availability of empirical data. In inverse demand system analysis, studies used short-term (monthly or quarterly) data rather than yearly data because of price endogeneity and quantity exogeneity. Unfortunately, this study met limitations regarding data availability in conducting inverse demand system analysis of crawfish tailmeat. In fact, there is no official institution that regularly records macroeconomic data of the relatively small local crawfish tailmeat business on a short-term basis. Therefore, this study used annual data from 1989 to 2005. However, since sample size has a profound effect on statistical results, this smaller number of observations may lead to decreased precision in estimates of various properties of the population given all else being equal. Since only a set of small observations is available, then the standard error of the sample mean will be great, given by the formula of standard error, / n σ . It can be shown that as n becomes small, this variability becomes large. This leads to less sensitive hypothesis tests with smaller statistical power and greater confidence intervals.
Data of domestic and imported crawfish tailmeat, shrimp, and oysters were provided by the National Marine Fisheries Service (NMFS), while catfish data were collected from Catfish Processing Reports published by the National Agricultural Statistics Service. The quantity of domestic crawfish tailmeat represents the summation of quantity supplied by Louisiana crawfish tailmeat processors. Domestic crawfish tailmeat for 1991 was supplied by 64 Louisiana crawfish processors, whose numbers had decreased to 24 by 2005. Domestic crawfish tailmeat price is an average weighted price of supplied crawfish tailmeat.
1 Total quantity and value data of imported crawfish tailmeat were also provided by NMFS. Owing to the lack of data on market prices for imported crawfish tailmeat, unit values (value divided by the volume of imports) were used as a proxy for market prices. The value of imports is 1 This study calculated the prices as follows: generally defined as the price actually paid or payable for merchandise when sold for exportation to the United States, excluding U.S. import duties charged at the point of entry into the United States. Therefore, unit values may not be a perfect measure of market prices because trade restrictions (such as an anti-dumping tax) may not change the unit value for imported crawfish from a particular import source, but might impact the market price of imported crawfish because of supply restrictions. The quantity of catfish, shrimp, and oysters represents the summation of domestic and imported products. Domestic prices of catfish, shrimp, and oysters are used in this study.
System Estimates
To estimate scale and price flexibility parameters of the inverse demand system equations (1)- (5), the specifications must be modified to reflect the discrete nature (as to time) of the data as follows:
where
are scale and price flexibility parameters of DIGDS, respectively, and
w w w − = + is the two years' moving average in the share of good i in total expenditures. In the empirical model, this study used moving average share to avoid a simultaneity problem (Haden 1990 ). The scale and price flexibility parameters and dependent variables would be changed according to the value of nesting parameters, θ 1 and θ 2 , as shown in equations (2)-(5). The discrete forms of parameters and dependent variables are as follows: 
Zellner's (1962) Seemingly Unrelated Regression (SUR) was used as an econometric methodology because it is sensible to assume that individual fish products are contemporaneously correlated in consumption as substitutes. In the econometric estimation procedure, this study will confirm that the summation of the residuals of the five equations in the systems is equal to zero, before dropping one equation to show whether or not the adding-up condition is sufficiently satisfied. Before imposing theoretical restrictions such as homogeneity and symmetry, we test for the statistical assumptions discussed in the previous section to judge the statistical validity of those models. After obtaining a statistically appropriate model, the scale and price flexibility parameters will be estimated by imposing theoretical restrictions on the SUR model. Furthermore, as we stated previously, price endogeneity should be tested for because the yearly quantity of fish is taken to be predetermined and also because fish consumption is presumed to respond to price incentives. Accordingly, this study will investigate the predeterminedness of quantity consumed by using a Wu-Hausman test (Wu 1973 , Hausman 1978 , and Thurman 1986 .
Misspecification Tests
The adding-up condition assumes that the summation of residuals of the equations of the system is equal to zero, Under adding up, the parameters should be estimated in the n-1 equations of the systems; moreover, these estimates are invariant to the equation deleted. Table 1 shows the summation of residuals of five equations in individual inverse demand systems. The adding-up assumption was not satisfied in both DIRDS and DIGDS, while the assumption was satisfied in the DIAIDS, DICBS, and DINBR models. The contemporaneous residual covariance matrix of DIRDS and DIGDS will not be singular, while it will be singular in DIAIDS, DICBS, and DINBR, so scale and price flexibility parameters of DIAIDS, DICBS, and DINBR should be estimated in the SUR models of n-1 equations.
This study performed multivariate and univariate tests of normality of the individual inverse demand system. The multivariate tests provided are Mardia's skewness and kurtosis test and the Henze-Zirkler T t,β test. The univariate test employed is the Shapiro-Wilk W test. The null hypothesis for all these tests is that the residuals are normally distributed. The results from the multivariate and univariate tests of normality are reported in Table 2 . The p-values from the tests indicate a possible violation of the null hypothesis. Mardia'a skewness tests for the systems of models confirmed that both the DIRDS and DIGDS models violated the assumption of symmetrical distribution of residuals at the 5 percent significance level. For individual equation tests in the system, the assumption of normality of distribution for error variance was violated in the shrimp equation of both the DIRDS and DIGDS models at the 5 percent significance level. The test results showed that the other equations and systems did not reject the null hypothesis at the 5 percent level.
A question related to variable selection is that of choosing the functional form appropriate for a particular economic relationship. Ideal tests of functional form have high power over a wide variety of alternative hypotheses. A RESET type test, which uses powers (2nd and higher order) of the model's fitted values ( ) y , can be viewed as a general functional form test (Ramsey 1969) . The RESET tests, in which the price variable was used as a dependent variable and the quantity variable was used as an independent variable, use an F-statistic to assess the significance of the squares and possibly the cubes of the predictions from the inverse demand models in an auxiliary regression in which the squares and the cubes of the model's fitted values are used as additional explanatory variables. Significance of the coefficients of the additional variables is intended to be indicative of some kind of specification error of underlying inverse demand models such as omitted variables or incorrect functional form. Test results are reported in Table 3 . Except for F-statistics in RESET2 of the imported crawfish price equation in DICBS and RESET3 of the imported crawfish price equations in DIAIDS and DICBS, F-statistics were lower than the critical value at the 10 percent significance level.
One of the key assumptions of an econometric regression is that the variance of the disturbances is constant across observations. If the residuals of the underlying model have constant variance, as assumed herein, each model will provide an efficient, unbiased estimator with a consistent variance. This study used a multivariate WHITE and Godfrey Lagrange Multiplier (LM) test for checking for static homoskedasticity, and an ARCH test for checking for autoregressive conditional heteroskedasticity. The null hypothesis for the static and dynamic homoskedasticity tests is that the covariance matrix of residuals is homoskedastic. The test results are reported in Table 4 . The test results showed no static heteroskedasticity except for the catfish and shrimp equations in the DIRDS, DICBS, and DIGDS models, with the Godfrey LM test at the 5 percent level. The Q statistics test and Lagrange Multiplier tests in dynamic homoskedasticity tests indicate no autoregressive conditional heteroskedasticity at the 5 percent level.
In order to examine whether or not there have been structural changes in the domestic crawfish tailmeat market between the periods before and after 1997, this study used a Chow test to determine if the conditional mean parameters, β's, differ between before and after 1997. This study also conducts an F-test of variance equality between the first and second period of the sample provided by McGuirk, Driscoll, and Alwang (1993) . The null hypothesis for conditional mean and variance stability tests is that the variance- Table 5 . Apparent structural change has been found using Chow tests. Both mean and variance stability tests rejected the null hypothesis at the 1 percent or 5 percent significance levels except for the variance stability test in the DINBR model, which supported the hypothesis that structural change has occurred in the domestic crawfish tailmeat market after 1997. In fact, the market share of domestic and imported crawfish tailmeat has markedly changed since 1997. Domestic fresh tailmeat is preferable from a taste standpoint because it is fresh and has the fat on, but imports of frozen tailmeat are competitive primarily because of their very low price. Furthermore, imports of frozen tailmeat are creating a new market for large national restaurant chains because frozen imported tailmeat is available year-round in massive quantities at a price that makes it attractive to national restaurant chains. These are increasing the market share of imported crawfish tailmeat while decreasing the market share of domestic crawfish tailmeat. Independence can be examined using a t-type test to assess the significance of the lag-dependent variables in the five equations' auxiliary regression system. These equation-by-equation system tests differ from single-equation independence tests as each auxiliary equation includes lagged residuals from all system equations. The test results are reported in Table 6 . The test results showed that domestic crawfish and shrimp equations in the DIAIDS model and oyster equations in the DIAIDS and DINBR models violated this independence assumption at the 5 percent level.
Results
To estimate scale and price flexibility coefficients, 2 this study used the DINBR model because this model showed the best statistical validity after confirming the adding-up condition and testing for the statistical assumption of normality, functional form, homoskedasticity, parameter stability, and independence. As seen in parameter stability tests, domestic crawfish tailmeat price showed a structural change in the period from before 1997 to after 1997. In order to maintain parameter stability in estimating the scale and price flexibility coefficients, the DINBR model is augmented with one dummy variable, D 97 , representing the time period after 1997.
3 Hence, the actual DINBR model used in the estimation procedure is as follows: 
97
( ln ln ) ln ln ,
where additional adding up implies
As this study showed in the previous section, the adding up of the DINBR model causes the contemporaneous covariance matrix of residuals to be singular. Therefore, one equation (in this case, the catfish equation) was excluded from the system for estimation purposes. The coefficients of the dropped equation were then calculated from the adding-up restriction. Then, the study added back the catfish equation and deleted the shrimp equation and re-estimated the system in order to determine the parameters and the standard errors of the catfish equation. The results are the same as calculating the parameters of the catfish equation from the adding-up condition. The restricted SUR model, by both symmetry and homogeneity, was used to estimate scale and price flexibility parameters. Table 7 gives the estimates of the c ij and h i together with their standard errors in parentheses. For ease of comprehension, the entries have been transformed into price and scale flexibilities following the formula outlined below in Table 7 .
Before discussing the estimated parameters, this study will briefly review the test results of price endogeneity as stated in the previous section. The main motivation for estimating an inverse demand system is that quantities are naturally taken to be predetermined. However, fish consumption is presumed to respond to price incentives, and the actual quantity consumed in a year is likely to be influenced by random perturbations in that year's price. As a result, the assumption of quantity predeterminedness might be questioned. Accordingly, this study tested the predeterminedness of annual quantities with the WuHausman test. The Wu-Hausman test, in this instance, involves a comparison between two estimators: the first being BLUE under the null hypothesis of predetermined quantities, but inconsistent under the alternate hypothesis of endogenous quantities for the restricted SUR model, and the second being consistent under both the null and alternate hypotheses for the two-stage least square estimator (2SLS). Implementation of the two-stage least squares estimator requires instrumental variables not already included in the righthand sides of the demand equations and be at least equal in number to the number of variables in the equation (the five quantities on the righthand sides of the equations). The χ 2 statistic of the test was 2.78 with 11 degrees of freedom, less than the 10 percent critical value in the chi-square distribution of 17.2. In sum, the test of the predeterminedness of quantities could not reject the null hypothesis, so the restricted SUR estimates reported in Table 7 are supported by this evidence. Also, the dummy variable for policy impacts of the antidumping tariff and Byrd amendment 4 since 1997 is estimated to be positive with a high degree of precision, implying that these policy instruments have a positive effect on domestic crawfish tailmeat prices. Consider first the estimated scale flexibilities in Table 7 , which have all been estimated and are negative in sign. The estimated scale flexibility of shrimp is not significantly different from -1, implying homothetic preferences, while the estimated scale flexibilities of the other four fish classifications are significantly different from -1, implying that the underlying scale curve differs significantly from linear logarithmic form.
The first five columns of Table 7 show the estimates of the compensated own/cross-price flexibilities. These estimates show how much the price of commodity i must change in order to induce the consumer to absorb marginally more of commodity j while maintaining the same utility level (Tomek and Robinson 1990) .
As expected, the own price flexibilities of domestic crawfish, imported crawfish, catfish, shrimp, and oysters have all been estimated to be negative with a high degree of precision. This result implies an increase in quantity consumed, and results from a decrease in the own price. For example, the own price flexibility is estimated as -0.809 for domestic crawfish, implying that a 1 percent increase in quantity decreases the domestic price of crawfish by 0.809 percent. In terms of its definition of corresponding elasticity, we can interpret that a 1 percent decrease in domestic crawfish price leads to a 1.236 percent increase in domestic crawfish consumption. Domestic crawfish demand is shown to be elastic, which is consistent with the estimated price flexibility being less than one in absolute terms. The other own price flexibilities are estimated as -0.990 for imported crawfish, -0.231 for catfish, -0.085 for shrimp, and -0.872 for oysters. As seen, the imported crawfish price is most sensitive to a change in its quantity, while shrimp price is the least sensitive to a change in its quantity. However, all own price flexibilities are less than one in absolute terms, implying that the demand of all species used in this study is shown to be price elastic, which is similar to results found by Barten and Bettendorf (1989) , Matsuda (2005) , Brown, Lee, and Seale (1995) , and Wong and McLaren (2005) . These results are consistent with the fact that, typically, fish consumed at home is found to be price elastic (Park, Thurman, and Easley 2004) .
The cross-price flexibility represents the cross effect between two different goods. The negative cross-price flexibility represents substitutability between two goods, while the positive cross-price flexibility implies complementarity between goods (Kim 1997). Among 10 cross-price flexibilities, 5 cross-price flexibilities are positive, while the other five cross-price flexibilities are negative. In particular, this study confirmed the substitutability of imported crawfish tailmeat for domestic crawfish tailmeat. However, the magnitude of the cross effect of imported crawfish tailmeat on domestic crawfish tailmeat estimated by the DINBR model was shown to be relatively small. This result might be related to the data used in the annual basis and functional form of the specific model.
For domestic crawfish tailmeat, oysters show substitutability, while catfish and shrimp show complementarity, which is not consistent with the notion that most types of fish are mutual substitutes. As Barten and Bettendorf (1989) suggest, cross-price flexibilities are not the appropriate interaction measures among the various types of fish because of the substitution effect and adding up in the Antonelli matrix, which cause crossprice flexibilities to be biased toward complementarity. In order to obtain a more adequate measure of interaction between commodities, the Allais coefficients, [ ] ij A = α , were calculated following the method of Barten and Bettendorf and are as follows: where the subscript r and s refer to some standard pair of goods r and s to compare relative strength of complementarity or substitutability between the pair of i and j and the standard pair. An α ij greater than zero indicates that i and j are more complementary than r and s, while an α ij less than zero signifies that i and j are stronger substitutes than r and s. Clearly, α ij = 0 means that i and j have the same type of interaction as r and s. This study has selected imported crawfish tailmeat and shrimp as the standard pair of goods r and s. This selection causes all other Allais interactions to become negative, implying that all the types of fish considered here are substitutes in consumption. By construction, the diagonal entries are -1, consistent with the notion that a good is its own perfect substitute. Also, by construction, the interaction intensity between imported crawfish and shrimp is zero, so all fish are shown to be substitutes for each other. The Allais coefficients of domestic crawfish are estimated as -0.0118609 for imported crawfish, -0.0000015 for catfish, -0.1372468 for shrimp, and -0.1799581 for oysters (see Table 8 ). The negative estimation of Allais coefficients implies stronger substitutes between two commodities i and j than the standard pair of imported crawfish, r, and shrimp, s. The results of this analysis show that the substitutability between domestic and imported crawfish tailmeat is stronger than the substitutability between domestic crawfish tailmeat and catfish, while the substitutability between domestic and imported crawfish tailmeat is weaker than the substitutability between domestic crawfish tailmeat and either shrimp or oysters.
Conclusion
Inverse demand systems have been used in applied demand analyses and have contributed to the understanding of consumer behavior. However, former studies did not give proper attention to the statistical validity of these inverse demand models. Since the data used in the underlying model often did not show statistical consistency with the assumptions of econometric regression, the estimated results could lead to an improper conclusion. In order to avoid this violation, this study conducted statistical tests for statistical validation of the inverse demand models using five inverse demand systems. In so doing, this study constructed five inverse demand systems using five fishery products comprised of domestic and imported crawfish, catfish, shrimp, and oysters. Of the five inverse demand models considered, the DINBR model showed no violation in the assumptions of adding up, normality, functional form, homoskedasticity, or independence.
Next, we used the DINBR model to estimate the parameters of scale and price flexibilities.
Before doing this, we tested price endogeneity because we used annual data rather than shortterm (monthly or quarterly) data due to a limitation in the availability of short-term data. This price endogeneity test showed that the assumption of pre-determinedness of quantity was not violated.
As expected, the own price flexibilities of five fish are shown to be negative and the magnitude of own price flexibilities are shown to be dependent upon the size of budget share used in this study. That is, imported crawfish tailmeat, which is a relatively small percentage of budget-share, is shown to be most sensitive to a change in quantity, while shrimp, which is a relatively large percentage of budget share, was shown to be least sensitive to a change in quantity. Scale flexibilities, except for those of shrimp, were not shown to be homothetic.
One goal of this study was to identify the cross effects of imported crawfish tailmeat on the price of domestic crawfish tailmeat. Even though this study confirmed the substitutability of imported crawfish tailmeat for domestic crawfish tailmeat, the estimated cross-price flexibility was relatively small. This result might be related to the data used in the annual basis and functional form of the specific model. It is important to note the limitations of this work and potential for improvement in future research. Despite the fact that the methods employed in this analysis tested for the statistical validation of the models, the results are limited by a low number of observations. As mentioned previously, this is due primarily to limitations in data availability. Future work could seek improvements in the data set in order to verify the results of this analysis.
In order to represent cross substitution, this study calculated Allais coefficients suggested by Barten and Bettendorf (1989) because the direct use of cross-price flexibilities can lead to a violation of substitutability of fish. As this study mentioned previously, negativity of own price flexibilities and adding up in the system equation enforce the complementarity of cross-price flexibilities. In this study, five of the cross-price flexibilities calculated indicate complementarity, violating substitutability among fish products. By defining own price flexibilities as -1 and the interaction intensity between imported crawfish and shrimp as zero (the Barten and Bettendorf standard), the results of this study show that all five fish groups are substitutes for one another, as indicated by the negative cross-price flexibilities.
